Abstract
Introduction
is an integrated project [1] in the European Commission Seventh Framework Programme. The mission of the COIN project is to study, design, develop and prototype an open, selfadaptive, generic ICT solution where Enterprise Collaboration (EC) and Enterprise Interoperability (EI) services will be an invisible, pervasive and selfadaptive knowledge and business utility at the disposal of the European networked enterprises.
In this paper we position the COIN initial results for the development of open source services, which will be integrated according to the Enterprise Interoperability Research Roadmap grand challenge of Interoperability Service Utility (ISU) [1] into a coherent pool of EI services as a contribution to the Software-as-a-Service Utility (SaaS-U) vision.
The rest of this paper is structured as follows: In section 2 we give a short overview of related work. Section 3 describes the identified candidates for implementing a first set of EI services. In section 4 we describe how the EI services relate to the SaaS-U paradigm. Conclusions and future work are presented in section 5.
Related work
The COIN project is founded on the vision of an innovative integration and improvement of previous project results related to Enterprise Interoperability. Enterprise Interoperability [1] is a relatively recent term that describes a field of activity with the aim to improve the manner in which enterprises, by means of information and communications technology (ICT), interoperate with other enterprises, organisations, or with other business units of the same enterprise, in order to conduct their business.
One aim of the COIN project is to provide a foundation for EI services based on the principles from existing interoperability frameworks and the results from previous projects, which are to be integrated with the new and open source COIN service platform supporting the SaaS-U provisioning paradigm.
Results from previous European projects on interoperability were collected, analysed and consolidated into a set of baseline EI services according to a state-of-the-art analysis. Due to the requirement of an open source COIN service platform the state-of-the-art analysis focused primarily on available open source solutions, in particular from the following projects:
• ABILITIES (FP6-027306) [2] addressed Enterprise Interoperability among SME in Enlarged Europe. The project released tools, services and Web portals to solve communication and interoperability issues related to business documents exchange.
• ATHENA (FP6-507849) [3] was the integrated project focusing on Enterprise Interoperability in FP6. The project developed an interoperability framework baseline comprising of a set of models, tools, services and methods to solve interoperability issues.
• INTEROP (FP6-508011) [4] was a network of excellence which joined 50 of Europe's most prominent research institutes focused on interoperability research. The project coordinated research results and development of interoperability solutions within Europe.
• SUPER (FP6-026850) [5] addresses the use of semantic techniques in the context of business process modelling and management. The project developed several tools for semantic business processes modelling, management, monitoring and analysis.
Baseline EI services
In the COIN context, Enterprise Interoperability services provide functionality for applying IT solutions that overcome interoperability gaps between two or more enterprises and thus enabling them to set-up and run collaborations. The main goal of the EI services is to improve interoperability, mainly for SMEs, which means to reduce the costs of data reconciliation, systems integration and business processes synchronization and harmonization. Typical indicators will be in the cost of service composition and of data mediation and reconciliation.
The EI services will be realised according to the interoperability dimensions in the COIN EI Services Framework, which is based on the ATHENA Interoperability Framework (AIF) [6] and harmonised with the European Interoperability Framework (EIF) [7] in the areas of technical, semantic and organisational interoperability. The AIF defines an interoperability reference model (see Figure 1 ) that focuses on the alignment and exchange of provided and required artefacts of collaborating enterprises. Interoperations can take place at various levels, namely enterprise, business processes, services and information/data.
For each of these levels specific EI services may be developed to support collaborative enterprise modelling, cross-organisational business processes, flexible execution and composition of services and information/data interoperability. The model-driven interoperability approach cuts across all levels and provides model-based solutions to formalise and exchange the provided and required artefacts that must be negotiated and agreed upon. The semantic mediation interoperability approach concerns the application of ontology-based techniques for semantic reconciliation of the models expressed on the different levels. 
Figure 1. Interoperability reference model
Based on the state-of-the-art analysis a set of baseline EI services were specified [8] . These services will be implemented as Semantic Web Services and tested in relevant industry pilots.
Model-driven interoperability
Model-driven interoperability services support enterprises to formalise, exchange and align models that are relevant to set up collaborations. Model-driven interoperability is influenced by the ongoing standardisation activities around the OMG Model Driven Architecture (MDA) [9] . MDA is a technology framework that defines an approach in which visual modelling languages and visual models can be used to integrate the huge diversity of models used in the development of software systems.
The Eclipse community provides open source implementations of MDA specifications for metamodelling [10] and model transformations [11, 12] which can be used to align different models. The model transformation engines was developed as part of the MODELWARE project [13] .
These technologies will be the basis for the development of the COIN Model Transformation Service Engine which will provide functionality for storing, searching and executing model-to-model and model-to-text transformations, in order to overcome the incompatibilities between different modelling formalisms.
Enterprise modelling interoperability
Enterprise modelling interoperability services support enterprises to factually co-operate with other, external organisations in spite of e.g., different working practices, legislations, cultures and commercial approaches. Enterprise modelling is a discipline devoted to the understanding and improvement of the organisations through the development of enterprise models.
The COIN project will provide two baseline enterprise modelling interoperability services:
• Enterprise Model Interchange Service based on the POP* metamodel [14] developed in ATHENA. The POP* metamodel defines a core set of enterprise language constructs in the modelling dimensions Process, Organisation, Product and other dimensions like System and Decision to be defined in an enterprise model. The POP* metamodel is a flexible intermediate language that facilitates model exchange between different enterprise modelling tools. The POP* metamodel was included as an annex to the ISO19440 standard [15] .
• Enterprise Interoperability Maturity Assessment Service to assess and improve the level of interoperability. An SME needs to establish new relationships with other organisations to respond to the multiple changes in their environment. The readiness to interoperate is a key attribute to efficiently respond to those changes. In that sense there are some models that guide organisations in the identification of good practices that improve the capability of the organisation to interoperate with others.
Business process interoperability
Business process interoperability services support enterprises to make proper external views of enterprise internal processes synchronised by a collaborative inter-enterprise business process.
Process models play an important part in Business Process Management (BPM) environments. As a result, business process modelling tools are an integral part of today's software designing process. In this area, significant improvements are expected especially concerning semantic interoperability. From the point of view of supporting cross-organisational business processes, all the life cycle of business processes should be taken in account. This means that not only business process modelling support, but management and monitoring services must be provided. Finally, we should consider also analysis services as a way of making business people more independent of IT people when performing business analysis within and across enterprises.
Potential candidates for the development of COIN baseline business process interoperability services are:
• Cross-Organisational Business Process (CBP) Modelling Service based on the CBP metamodel [16] developed in ATHENA. The CBP metamodel defines language constructs for modelling cross-organisational business processes using the concepts of view process and private process. A CBP defines the interactions between two or more business entities which links together view processes. A view process combine different (internal) private processes to an abstract level that enables companies to hide critical information from unauthorized partners.
• Semantic Business Process Modelling Service based on projects results from SUPER. The services deals with enrichment of existing business process models with semantic annotations and are expected to enable semantic interoperability by creating a common understanding of the business semantics.
• Semantic Business Process Management Service based on projects results from SUPER. The service will manage the life-cycle of deployed business process models independently of the underlying process engines actually executing the model.
Service interoperability
Service interoperability will be supported by the COIN Baseline Service Platform. The service platform will be based on a SESA (SemanticallyEnabled Service-oriented Architecture) as the founding block enriched with scalability, trust and security, and intelligent negation capabilities.
The Web Service Execution Environment (WSMX) [17] , which is the most complete and functional implementation of a SESA as of today, will be used for implementing the COIN platform. WSMX supports semantically-enabled functionalities such as dynamic discovery, selection and mediation, as well as semantically-enabled control and connection functions such as service invocation and interoperation thus directly contributing to the exposition, integration, composition and invocation of services advertised by the platform.
Services, requester inquiries and related data model are going to be formalized using the Web Service Modeling Ontology (WSMO) formalism on top of which WSMX has been designed.
Semantic mediation interoperability
Semantic mediation interoperability services support enterprises to apply ontology-based techniques for semantic mediation such as semantic reconciliation of business documents in order to support interoperability among heterogeneous software applications. In literature, several platforms and frameworks addressing this issue exist. Among these initiatives, we here recall the ATHENA Semantic Reconciliation Suite [18] , the Artemis Message Exchange Framework [19] and the MAFRA Mapping Framework [20] .
In general, such complex solutions need the synergy of different tools and services that will be provided by COIN:
• Ontology Management and Engineering.
Ontologies are a requirement for semantic mediation, and tools and methods for ontology building (e.g., Protégé, ATHOS), maintenance and evolution (e.g., METHONTOLOGY, UPON) are needed.
• Semantic Mapping allows definition of correspondences between documents or any kind of resource, and ontology, in order to describe in an unambiguous way such resources. Two kinds of mapping services have been analyzed: Semantic annotation, which works at conceptual level: on unstructured documents (e.g., text, audio, video); on structured documents (e.g., business document schema). Tools of the former case (e.g., MnM, Cohse) are mainly for supporting search and retrieval purposes. Tools of the latter case are mainly for semantic mediation (e.g., ASTAR, MWSAF). Semantic Transformation rules: respect to semantic annotation, semantic transformation rules have an operational purpose. They are applied to instance documents to drive the document mediation and reconciliation. Examples of such tools for building Semantic transformation rules are ARGOS and OWLmt.
• Semantic Reconciliation Execution is in charge to interpret semantic transformation rules, and to apply them against document instances, in order to actually transform such documents from an internal representation to another. Examples of Semantic Reconciliation Engines are ARES, are WSMX Semantic Mediation module.
• Semantic Mapping Assessment to understand how much two information systems can interoperate between each other; • Reconciliation Execution Monitoring to check the effectiveness of the document mediation.
Information and data interoperability
Information and data interoperability services support enterprises to exchange and share business documents among organisations, by filling interoperability gaps related to the payload (format and content) and to the messages and/or structures to be exchanged between different and heterogeneous data sources. The common problem faced by these services is extraction of information from a specific format of a data source, and then make this information available to another data source in another format.
The COIN project will provide two baseline data interoperability services:
• Transactional Data Interoperability Service which concerns the exchange of information between two distinct actors (for example a seller and a supplier) and provides functionality for the creation and application of business document format and content rules to be applied in the context of format and content changes.
• Massive Data Interoperability Service which concerns the exchange of information among multiple actors. The main functionality of the service is to map the data provided by data providers to a schema that represent the kind of information required by consumers.
Towards EI service utilities
The research projects on interoperability in the European Commission Sixth Framework Programme have developed a vast set of standalone software products and tools, as well as some Web-based services to address interoperability issues. However, some of these solutions are difficult to integrate and use for SMEs.
Experiences from piloting activities in the ATHENA project suggested that Enterprise Interoperability is very challenging and that the expected gains from interoperability research will consist in finding technologies and methods that will fasten interconnection of applications through standardised Web infrastructure for software application communication and for collaboration [21] .
Within the context of an enterprise, flexibility, fast development and re-configuration are important properties for software applications. This implies to avoid as much as possible the intervention of software engineers and developers, and to prefer direct parameterisation and configuration by software users. This also implies accurate ways to architecture enterprise applications that facilitates publication of information managed by the application, publication of services made available by the application for other applications and finally publication of services made available for the human users. Finally such architectures should make it possible to manage coherency of the application systems despite numerous existing interfaces and adaptation of the application systems within the whole enterprise.
The Enterprise Interoperability Research Roadmap [1] envision interoperability support as utility-like capabilities that needs to be supported by an enabling system of services for delivering basic interoperability to enterprises, independent of particular IT deployment. The term Interoperability Service Utility (ISU) is used to denote this overall system. The ISU is envisaged to provide interoperability as a technical, commoditised functionality, delivered as services.
The ISU challenge is addressed by COIN by providing a service infrastructure for Enterprise Interoperability in the business context of Enterprise Collaboration. This will not just create a service platform, but mainly a new business concept -the Software-as-a-Service Utility (SaaS-U) model. The baseline EI services will be offered as Semantic Web Services on top of the WSMX environment [17] .
The SaaS-U paradigm fits well fit the ISU concepts and can be seen as a software application delivery model where a software vendor develops Web-native software services and hosts and operates them for use by its customers over the Internet. Customers do not pay for owning the software itself any longer but rather for using it on-demand. They use it through an API accessible over the Web and often written using Web services.
Conclusions and future work
In this paper we position the COIN service platform as a technology enabler for developing and offering Enterprise Interoperability services according to the Service-as-a-Software Utility (SaaS-U) paradigm.
We give a short description of potential candidates for the development of baseline EI services based on state-of-the-art analysis of previous FP6 research projects. The development of these services will follow two phases. The first phase involves wrapping and potentially re-implementing parts of the solutions as Web services. The second phase involves enriching the service descriptions with semantics in order to make them Semantic Web Services.
After the implementation of the baseline EI services, which are scheduled to be delivered by the end of 2008, focus will be directed on developing new and innovative EI services for (1) information interoperability, which will explore new service communication and coordination in business collaborations, (2) knowledge interoperability, which will stem upon the concept of semantic profiles and will develop the environment to expose, compare and semantically mediate such profiles, and (3) business interoperability, which will go beyond the crossenterprise business process coordination and provide new formalisms and languages for interactive and collaborative BPM as well as tools for process and workflow mining and knowledge extraction.
